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$\frac{\partial u}{\partial T}+u\frac{\partial u}{\partial X}+\mathcal{H}[\frac{\partial^{2}u}{\partial X^{2}}]=0$ , $( \mathcal{H}[f(X)]\equiv\frac{1}{\pi}\mathrm{P}\int_{-\infty}^{\infty},\frac{f(X\prime)}{X-X}dX’,$ $)$
( $u$ ). $\mathrm{B}\mathrm{O}$ ,




. 5) – ( 6)
). ,
, $n_{1},$ $n_{2}$ $1-n_{1}\cdot n_{2}\simeq O(1)$ ,
, $\mathrm{B}\mathrm{O}$ ,
.





$\frac{\partial}{\partial X}(\frac{\partial u}{\partial T}+u\frac{\partial u}{\partial X}+\mathcal{H}[\frac{\partial^{2}u}{\partial X^{2}}])+\frac{\partial^{2}u}{\partial \mathrm{Y}^{2}}=0$ , (1)




$\frac{\partial}{\partial\overline{X}}(\frac{\partial u}{\partial\overline{T}}+u\frac{\partial u}{\partial\overline{X}}+\frac{\partial^{3}u}{\partial\overline{X}^{3}})+\frac{\partial^{2}u}{\partial\overline{\mathrm{Y}}^{2}}=0$ , (2)
( , ).
, $\mathrm{K}\mathrm{P}$ – , 2D-BO
, ,
, ,




1 . , ,
, . ,
$\rho_{i},$
$\phi_{i}$ ($i=1$ : , $i=2$ : ) .
.
$\nabla^{2}\phi_{1}+\frac{\partial^{2}\phi_{1}}{\partial\hat{z}^{2}}=0(\hat{z}>\epsilon\delta\zeta)$ , $\delta^{2}\nabla^{2}\phi 2+\frac{\partial^{2}\phi_{2}}{\partial z^{2}}=$. $\mathrm{o}(-1<z<\epsilon\zeta)$ ,
$\frac{\partial\zeta}{\partial t}+\epsilon\delta\nabla\zeta\cdot\nabla\phi 1=\frac{\partial\phi_{1}}{\partial\hat{z}}(\hat{z}=\epsilon\delta\zeta)$ , $\frac{\partial\zeta}{\partial t}+\epsilon\nabla\zeta\cdot\nabla\phi_{2}=\frac{1}{\delta^{2}}\frac{\partial\phi_{2}}{\partial z}(z=\epsilon\zeta)$ ,
$\frac{\Delta\delta}{1+\triangle}\frac{\partial\phi_{1}}{\partial t}+\frac{1}{2}\frac{\Delta\epsilon\delta^{2}}{1+\Delta}(\nabla\phi 1)2+\zeta=\Delta\frac{\partial\phi_{2}}{\partial t}+\frac{1}{2}\Delta\epsilon(\nabla\emptyset 2)2+(1+\Delta)\zeta(\hat{z}=\epsilon\delta\zeta)$,
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$\nabla\phi_{1}=\frac{\partial\phi_{1}}{\partial\hat{z}}=0(\hat{z}arrow\infty)$ , $\frac{\partial\phi_{2}}{\partial z}=0(z=-1)$ .
, $l_{X},$ $ly$ ( $l$ ) . , –
, $l\hat{z}$ , $hz$ .
, $z=-1$ . $a\zeta(x, y, t)$ ( $a$ $-\mathrm{K}\mathrm{s}$)
, $\zeta=0$ . $aV\phi_{1}((aVl/h.)\phi_{2})$ ( )
, $(l/V)t$ (V ). $\nabla=(\partial/\partial x, \partial/\partial y)$ ,
$\Delta=(\rho_{2}-\rho_{1})/\rho_{1}$ , .
$\epsilon\equiv\frac{a}{h}\ll 1$ , $\delta\equiv\frac{h}{l}\ll 1$ .
, .
$\phi_{2}(x, y, z, t)=f(x, y, t)-\frac{1}{2}\delta 2(_{Z}+1)^{22}\nabla f(z, y, t)+\cdots$ .
$f(x, y, t)$ $\phi_{2}(z=-1)$ . $\epsilon\simeq\delta$ , $\epsilon,$ $\delta$
, :
$\nabla^{2}\phi_{1}+\frac{\partial^{2}\phi_{1}}{\partial\hat{z}^{2}}=0(\hat{Z}>0)$ , $\frac{\partial\zeta}{\partial t}=\frac{\partial\phi_{1}}{\partial\hat{z}}(\hat{z}=0)$ ,
$\frac{\partial\zeta}{\partial t}+\epsilon\nabla\zeta\cdot\nabla f=-(\epsilon\zeta+1)\nabla^{2}f$ ,
$\delta\frac{\partial\phi_{1}}{\partial t}=(1+\triangle)[\frac{\partial f}{\partial t}+\frac{1}{2}\epsilon(\nabla f)2+\zeta]$ $(\hat{z}=.0)$ , $\nabla\phi_{1}=\frac{\partial\phi_{1}}{\partial\hat{z}}=0(\hat{z}arrow\infty)$ .
, ( $x$ ) ,
$y$ . , :
$\xi=x-t$ , $\eta=\epsilon^{1/2}y$ , $\tau=\epsilon t$ .
, $\phi_{1}=\phi_{1}(0)+\epsilon\phi_{1}^{(1)}+\cdots$ $\phi_{1},$ $\zeta$ $f$ .
$\frac{\partial^{2}\phi_{1}^{(0)}}{\partial\xi^{2}}+\frac{\partial^{2}\phi_{1}^{(0)}}{\partial\hat{z}^{2}}=0(_{\tilde{k^{\wedge}}}>0)$ , $- \frac{\partial\zeta^{(0)}}{\partial\xi}=\frac{\partial\phi_{1}^{(0)}}{\partial\hat{z}}(\hat{z}=0)$ ,
$- \frac{\partial\zeta^{(0)}}{\partial\xi}=-\frac{\partial^{2}f^{(0)}}{\partial\xi^{2}}$ , $(1+ \triangle)[-\frac{\partial f^{(0)}}{\partial\xi}+\zeta^{()]}0=0(\hat{z}=0)$ ,
$( \frac{\partial\phi_{1}^{(0)}}{\partial\xi},$ $\frac{\partial\phi_{1}(0)}{\partial\hat{z}})=0(\hat{z}arrow\infty)$.
,
$\phi_{1}^{(0)}|_{\hat{z}0}==\mathcal{H}[\zeta(0)]$ , $\frac{\partial f^{(0)}}{\partial\xi}=\zeta^{(0})$ .
191
,$- \frac{\partial\zeta^{(1)}}{\partial\xi}+\frac{\partial\zeta^{(0)}}{\partial\tau}+\frac{\partial\zeta^{(0)}}{\partial\xi}\frac{\partial f^{(0)}}{\partial\xi}=-\frac{\partial^{2}f^{(1)}}{\partial\xi^{2}}-\zeta^{(}0)\frac{\partial^{2}f^{(0})}{\partial\xi^{2}}-\frac{\partial^{2}f^{(0})}{\partial\eta^{2}}$,
$- \frac{\delta}{\epsilon}\frac{\partial\phi_{1}^{(0)}}{\partial\xi}|_{\hat{z}=0}=(1+\triangle)[.-\frac{\partial f^{(1)}}{\partial\xi}+\frac{\partial f^{(0)}}{\partial\tau}+\frac{1}{2}(\frac{\partial f^{(0)}}{\partial\xi})^{2}+\zeta(1)]$ ,
, 1 $\phi_{1}^{(0)},$ $f^{(0)}$
$\frac{\partial}{\partial\xi}(\frac{\partial\zeta^{(0)}}{\partial\tau}+\frac{3}{2}\zeta^{(0})_{\frac{\partial\zeta^{(0)}}{\partial\xi}+\frac{\delta}{2\epsilon(1+\triangle)}\mathcal{H}}[\frac{\partial^{2}\zeta^{(0})}{\partial\xi^{2}}])+\frac{1}{2}\frac{\partial^{2}\zeta^{(0)}}{\partial\eta^{2}}=0$,
, $2\mathrm{D}_{-}\mathrm{B}\mathrm{O}$ . :
$u=3^{2/3}( \frac{(1+\triangle)\delta}{2\epsilon}\mathrm{I}^{1/3}\zeta^{()}0,$ $X=2 \cdot 3^{1/3}(\frac{(1+\triangle)\delta}{2\epsilon})^{2/3}\xi$ ,
$Y=2 \sqrt{3}(\frac{(1+\triangle)\delta}{2\epsilon})^{1/2}\eta$ , $T=3^{2/3}( \frac{(1+\triangle)\delta}{2\epsilon})^{1/3}\tau$ .
$\frac{\partial}{\partial X}(\frac{\partial u}{\partial T}+u\frac{\partial u}{\partial X}+\mathcal{H}\lceil\frac{\partial^{2}u}{\partial X^{2}}\rceil)+\frac{\partial^{2}u}{\partial Y^{2}}=0$. (3)
2D-BO .
3
2D-BO , Wineberg $\text{ _{ } ^{ ^{}8)}}$ ,
– Crank-Nicholson .
, , $\mathrm{K}\mathrm{P}$ 3
9) .




$X$ $L_{X},$ $Y$ $L_{Y}$ 2D-BO
$u= \frac{A}{1-B\cos[\frac{\pi}{L_{X}}(X+\frac{L_{X}}{L_{Y}}Y-\lambda T)]}$
,




. , $a$ ( ), $L_{X}$
$2_{\wedge}$ $X$ , $a=1,$ $L_{X}=0.1\cdot 2048$
. $\mathrm{B}\mathrm{O}$ ( ) ,
,
. , ,
2: ( $Y$ ).
2 . , 128 ,
( ). ,
. , 2D-BO
. $Y$ (2048 ) , $L_{Y}$





$\tan\theta=2$ ( 3) . ,
. , ,
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3: $\tan\theta=2$ . (a) $T=10,$ $(\mathrm{b})T=20$ .
4: $\tan\theta=1$ . (a) $T=30,$ $(\mathrm{b})T=60$ .
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4 $\tan\theta=1$ . , stem





stem . stem ,
stem – .
5 $\tan\theta=2/3$ . $\tan\theta=1$




$\tan\theta=0.5$ ( 6). stem
. , $\tan\theta=2/3$ , stem
.




, $\mathrm{K}\mathrm{P}$ (2) .
, 2
$u=12 \frac{\partial^{2}}{\partial\overline{X}^{2}}\ln f$, $f=1+e^{2}+\eta 12\eta 2+eAe2.(\eta_{1}+\eta_{2})$ , $\eta_{i}=p_{i}\overline{X}+q_{i}\overline{Y}-\omega_{i}\overline{T}$,
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5: $\tan\theta=2/3$ . (a) $T=37.5,$ $(\mathrm{b})T=75$ .








. $p_{i},$ $q_{i}$ . ,






$\tan\theta$ stem , stem
KP . , stem
. $+$
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